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What is claimed is: 


1 . A retinal prosthetic for color sight restoration comprising: 

a. a color irr ager to capture color image, said color imaging being 
part of an external compone it, which is carried by the patient; 

b. a video data processing unit for converting said image to electrical 
signals which contain imagi color signal data, said color imaging being part of said 
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external component, which 


implantable in the eye, said 


is carried by the patient; 


a plurality of electrodes and one or more electronic circuits, 


electrode and said electronic circuits being part of a 

component which is internal to the eye; 

d. an external and internal receiver and transmitter for communication 
between the external component and the internal components; 

e. said implantable electronic circuits configured to receive color 
signal information from ths video data processing unit, activate the electrodes based 
on said color signal infoniation and extract electrical power from the received signal; 

f said electrodes configured to stimulate those cells of 

I I \ / . . . 


the retina electrically wwWwhen stimulated give the perception of color. 



2. The retinal color prosthesis as in claim 1 further comprising a 
video data processing unit which converts said color image to electrical signals 
corresponding to data for a pixel or grid-like arrangement of electrodes placed within 
the eye. 


The r< 


etinal color prosthesis as in claim 2 further comprising said 
video data processing unit wherein data processing algorithms and processing 
hardware include datajprocessing for electronic compensation for the motion of the 
eye(s) and head are processed. 


4. 


Tlie retinal color prosthesis as in claim 3 further composing an 
\ J / eye-motion compensation system. 

he retinal color prosthesis as in claim 4 further comprising an 
movement tracking apparatus; data output of said eye-movement tracking 


eye- 
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apparatus; wherein said data corresponds to measurements of eye movement; a 
transmitter to convey said measurement data to said video data processing unit; 
wherein the video data processing unit algorithmically processes eye movement 
measurements such as angular positions, angular velocities, and angular accelerations; 
temporarily stored data image compensation parameters, stabilization parameters, and 
adjustment parameters from the processed eye position, eye velocity, and eye 
acceleration; electronic image stabilization to provide eye-motion compensation 
computationally derived from said temporarily stored data whereby the electronic 


image presented to the 


mplanted electrodes inside the eye corresponds to what a 


normal eye would see when looking in its direction. 

6. TheWtinal color prosthesis as in claim 5 further comprising a 
head tracking system whkein a basic sensor in the head motion sensor unit is a sensor 
selected from the group consisting of an integrating accelerometer, a micro-machined 
mechanical gyroscope, a lkser gyroscope, a combination of an integrating 
accelerometer and a micro r m*ehined mechanical gyroscope; a combination of an 

5scope; the motion and position of the head 


integrating accelerometer/ ind a laser. 

is determined by said bjasi ■ j ^eJ&or, wherein the data are communicated from the head 
tracking system 


to the^v 


Jvideo data processing unit by telemetry; wherein the data are 
processed in the video data processor; and wherein said video data processing unit can 
process the data of the motion of the eye as well as that of the head to further adjust 
the image electronically/whereby the electronic data image is presented to the patient 
adjusted for eye motion and head motion. 


7. The retinal color prosthesis as in claim 1 further comprising 
programmable externll-to-the-patient and internal-to-the-eye units which monitor and 
adjust, upon external command, data to and from the intemal-to-the eye retinal 
implants. 

8. The retinal color prosthesis as in claim 7 further comprising a 
physician's control unit located external to the patient which can controls image data 
signal information sent from the video data processing unit into the internal-to-the-eye 
implant; and wherein! the physician's control unit can receive information which the 
internal-to-the-eye iniplant transmits out of the eye. 
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9. \ The retinal color prosthesis as in claim 8 further comprising said 
unit wherein the Physician can control parameters of the image data signal such as 
amplitudes, putse\widths, frequencies, and patterns of electrical stimulation. 

10. The retinal color prosthesis as in claim 9 wherein said physician's 
control unit monitors said transmitted-out information including electrode current, 
electrode impedance, compliance voltage, or, electrical recordings from the retina. 

11. The retinal color prosthesis as in claim 7 further comprising a 
physician's hand-hteld test unit comprising a hand-held computer used to set up and 
evaluate a retinal prosthesis implant during or soon after implantation at the patient's 
bedside; said hand-held computer having the capability of receiving what signals are 
transmitted out of thfe eye and having the ability to send information in to the retinal 
implant electronic ch\p; saiti hand-held computer able to adjust the amplitudes on 
each electrode, one atta'timc, or in groups. 


12. / JHi^retlnal color prosthesis as in claim 7 further comprising a 
patient's control vujit wleriin a unit located external to the eye controls apparent 
20 brightness, contrast and jmagnification as presented to the patient by the retinal 

prosthesis; that has circuitry, which upon remote command, will respond in a manner 
similar to that of said physician's local unit; and which has a transmitter and a 
receiver for remote communication. 


25 

// 


13. The retinal color prosthesis as in claim 1 1 further comprising the 
physician's remote unit further comprising a transmitter and a receiver for 
\ ' ( communication with the video data processing unit wherein said physician's remote 
unit performs all of the fuhctions of the local physician's control unit. 


30 14. The retinal color prosthesis as in claim 2 further comprising said 

video data processing unit For encoding and transmitting time sequences, amplitudes 


and widths of pulses for simaling color to retinal cells. 


15. The retinal. color prosthesis as in claim 2 further comprising said 
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video data processing unit for encoding electrical signal information for signaling 
color to the differdpt retinal cells, in a planar pattern, corresponding to the location of 
electrodes in the vitinity of the individual retinal cells, including red-center-green 
surround, green-ceiter-red-surround, blue-center-yellow surround and yellow-center- 
blue-surround bipc lar cells. 


16. 

or more hermetica 


The retinal color prosthesis as in claim 1 further comprising one 
;y sealed and partially insulated electrode subpart(s). 


17. IThe retinal color prosthesis as in claim 1 further comprising one or 
more hermetically sealed electronic circuit subpart(s). 


18. Tthe retinal color prosthesis as in claim 1 further comprising 
electronic circuits within \e eye for transferring received processed image data to the 
electrodes. 


19. Therei inal color prosthesis as in claim 18 further comprising 
electronic circuits yfoi appljying received color signal information to a plurality of 
electrodes, corresponding to the original external pixel-like scene capture. 

20. The retinal color prosthesis as in claim 1 further comprising 
electronic circuits which measure and transmit out of the eye the signal power level 
being received internally. 

21 . Tli e retinal color prosthesis as in claim 1 further comprising 
electronic circuits which measure and transmit out of the eye an impedance for each 
of the different electrodes. 


22. The retinal color prosthesis as in claim 1 further comprising 
electronic circuits whicq measure electrophysiologic retinal recordings and transmit 
them out of the eye. 

23. The rWinal color prosthesis as in claim 1 further comprising said 
internal component at least partially implanted subretinally. 
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24. t The retinal color prosthesis as in claim 1 further comprising said 
internal component implanted epiretinally. 


25. 


The retinal color prosthesis as in claim 1 further comprising said 


plurality of electrodes in a monopolar arrangement. 


26. 


The retinal color prosthesis as in claim 1 further comprising said 


plurality of electrodes in a bipolar arrangement. 


27. 


The retinal color prosthesis as in claim 1 further comprising said 
plurality of electrodes in a multipolar arrangement. 


28. [The retinal color prosthesis as in claim 27 further comprising said 
plurality of electrodes in an electric field focusing arrangement. 


29 

electrodes further 
carbon, titanium. 


_ e retinal color prosthesis as in claim 1 wherein said plurality of 
. coL^rises a substance from the group consisting of pyrolytic 
i^dtnile^latmum, iridium, and iridium oxide. 


30. The retinal color prosthesis as in claim 16 or claim 17 further 
~etij_ 


comprising an hermetic sealant coating substance selected from the group consisting 
of silicon carbide, diamond-like coating, silicon nitride and silicon oxide in 
combination, titanium oxide, tantalum oxide, aluminum nitride, aluminum oxide or 
zirconium oxide. 


3 1 . The retinal color prosthesis as in claim 1 further comprising said 
plurality of electrodes insulated along their extension, up to their tips. 


32. The retinal color prosthesis as in claim 3 1 further comprising said 
insulation selected from the group consisting of silicon carbide, diamond-like coating, 
silicon nitride and silicon oxide in combination, titanium oxide, tantalum oxide, 
aluminum nitride, aluminum oxide, zirconium oxide, PTFE (polytetrafluoroethylene), 
FEP (fluorinated ethylene propylene and waxes. 


J 
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33. Thejretinal color prosthesis as in claim 1 comprising a plurality of 
cslpacitive electrodes, formed from a pair of substances, selected from the group of 
pairs consisting of the j>airs iridium and iridium oxide, and, titanium and titanium 
nitride. 

34. The retinal color prosthesis as in claim 1 comprising a plurality of 


capacitors which are 
correspondence with 


nounted on the electrode substrate in a one-to-one 
the plurality of electrodes. 


35. The retinal color prosthesis as in claim 1 further comprising said 
internal component llaving a configuration of two separate parts wherein insulated 
wires join said parts. 


36. 

of said two separate 


he retinal color prosthesis as in claim 35 further comprising one 
parts of the internal component that is configured as a combined 
electronic and electrod£ cjomponent and the other of said two separate parts of the 
internal component /hi^his also configured as a combined electronic and electrode 
component. 

37. * The retinal color prosthesis as in claim 36 further comprising one 
of said combined elJctronic and electrode component subretinally positioned and the 
other of said combined electronic and electrode component epiretinally positioned. 

38. The retinal color prosthesis as in claim 37 wherein said two 
positioned in a prescribed relationship to each other by small 



components are held 
magnets. 


39. The retinal color prosthesis as in claim 37 wherein said two 
components are held positioned in a prescribed relationship to each other by 
alignment pins. 

40. The retinal color prosthesis as in claim 37 wherein said two 
components are held positioned in a prescribed relationship to each other by snap- 
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together mating parts 


41 A The retinal color prosthesis as in claim 35 further comprising one 
of said two separate parts of the internal component that is configured as an electronic 
component and the other of said two separate parts of the internal component which is 
configured as an electrode component. 


The retinal color prosthesis as in claim 41 further comprising said 
electrode component subretinally positioned and said electronic component 
epiretinally positioned. 


43. 1 The retinal color prosthesis as in claim 42 further comprising said 
electronics componenpn a position distant, within the eye, from said electrode 
component placed near the retina. 

r \ 

44. The retinal color prosthesis as in claim 1 further comprising an 
insulated conducting coil attached to the internal component, each end of the coil 
attached to an electrically different attachment point on said internal component. 


45. 1 The retinal color prosthesis as in claim 44 further comprising two 
insulated coils, one larger, and the second smaller, one free end of one coil joined to 


one free end of the 


second coil, the other free end of said one coil joined to the other 


free end of said second coil, said smaller coil in proximity to a coil attached to said 
internal component said larger coil positioned and fastened toward the lens of the 
eye, for example, suturing. 


46. The retinal color prosthesis as in claim 1 further comprising 
internal component which is split into two parts, first part an electronics part, the 
second part an electronics and electrode part; the first and second parts have integral 
to each a pick-up of conducting insulated conducting coil; an energy transfer structure 
comprising two insulated conducting coils, one larger, and the second smaller, one 
free end of one coil joined to one free end of the second coil, the other free end of said 
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one coil jdined to the other free end of said second coil, said smaller coil in proximity 
to said coil\attached to the first internal part; said first internal part located in the fatty 
tissue behind the eye; the second internal part located within the eye; said larger coil 
attached temporally in the vicinity of the eye. 


47. The retinal color prosthesis as in claim 1 further comprising a 
coating of neurotrophic factor on the surface of the electrodes. 


4S.\ The retinal color prosthesis as in claim 47 further comprising a 
coating of Nerve Growth Factor (NGF) on the surface of the electrodes. 


'A 


49. \ /The! retinal color prosthesis as in claim 1 further comprising a 
coating of neurotrophic i^ictor on the surface of the insulator near the electrodes. 


50. I The retinal color prosthesis as in claim 49 further comprising a 
coating of Nerve Growth Factor (NGF) on the surface of the insulator near the 
electrodes. 

51. (The retinal color prosthesis as in claim 1 further comprising said 
plurality of electrodes partially insulated. 


52. |The retinal color prosthesis as in claim 51 further comprising 
electrodes recessed within an insulator. 


53., 

surfaces are flat. 


The retinal color prosthesis as in claim 51 wherein the electrode 


54. The retinal color prosthesis as in claim 5 1 wherein the insulating 
surfaces form a curve^l surface such as will conform to the curvature of the retina at 
its designated placement point. 


55. The retinal color prosthesis as in claim 5 1 wherein the electrodes 
are recessed within thelinsulator, but the sides of the electrodes are exposed. 
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:>6. The retinal color prosthesis as in claim 1 wherein said electrodes 
are elongated electrodes, from 100 microns to 500 microns in length. 

.57. The retinal color prosthesis as in claim 1 wherein the electrodes 
are iridium slugs attached to a substrate by conductive adhesive. 


with 


covered 
where the i 


58. The retinal color prosthesis as in claim 57 wherein the substrate is 
aluminum or zirconium oxide or silicone as an insulator with wells 
iridium slugs are located. 


59. The retinal color prosthesis as in claim 58 wherein the iridium 
slugs are situated with the insulating wells, fitting against the walls or the well. 

A 

60. \ The retinal color prosthesis as in claim 58 wherein the iridium 
slugs are sitiiated'with the insulating wells recessed approximately symmetrically 
from the s(^ts of\^he wells. 

61 . The retinal color prosthesis as in claim 60 wherein the iridium 
slugs are situated within said openings in said covering material; and wherein said 
slugs are fittdd against the sides of the wells. 


62. The retinal color prosthesis as in claim 60 wherein the iridium 
slugs are situated within said openings in said covering material; wherein said slugs 
are recessed symmetrically from the walls of said openings. 


63 : . The retinal color prosthesis as in claim 62 wherein the iridium 
slugs are differently situated relative to the tops of the wells, standing flush with the 
full height of the wells or recessed below the well tops; the depth of the well ranges 
from 0.1 [im to 1 mm. 


64 


The retinal color prosthesis as in claim 1 further comprising a 


iridium electrode which is attached onto a foil selected from the group consisting of 
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platinum foil or iridium foil that acts to hermetically seal the area it covers; said foil 
glued to an aluminum pad with electrically conductive glue; said aluminum pad 
deposited on a silicon substrate which may also support electronic circuitry; a 
titanium ring, sputtered, plated, ion implanted, ion-beam assisted deposited (IB AD) or 
otherwise attached to the platinum or iridium foil; with an insulating layer adhered to 
the titanium ring; wherein the insulation material is selected from the group 
consisting of silicon carbide, diamond-like coating, silicon nitride and silicon oxide in 
combination, titanium oxide, tantalum oxide, aluminum nitride, aluminum oxide and 
zirconium oxide. 

65, The retinal color prosthesis as in claim 1 further comprising a 
titanium nitride electrode which is sputtered onto a platinum or iridium foil that acts 
to hermetically seal^he area it covers, said foil glued to an aluminum pad with 
electrically conductive glue, said aluminum pad deposited on a silicon substrate which 
may also suppoit/elUtrohic circuitry, a titanium ring, sputtered, plated, ion implanted, 
or ion-beam ass|stetilleposited (IBAD) to attach it to the platinum or iridium foil, 
with an insulating layer adhered to the titanium ring; wherein the insulation material 
is selected from the group consisting of silicon nitride/silicon oxide sandwich, silicon 
carbide, diamond-like coating, silicon nitride, silicon oxide, silicone , zirconium 
oxide, silicone, pa-ylene, PTFE (polytetrafluoroethylene) and FEP (fluorinated 
ethylene propylene). 

66. The retinal color prosthesis as in claim 64 or claim 65 wherein an 
platinum layer is plated onto the exposed part of the titanium ring and plated onto the 
layer of a substance selected from the group consisting of silicon carbide, diamond- 
like coating, silicon nitride and silicon oxide in combination, titanium oxide, tantalum 
oxide, aluminum 'nitride, aluminum oxide and zirconium oxide, the platinum layer 
acting as an electkcal conductor. 


67. 


The retinal color prosthesis as in claim 65 wherein the platinum 


electrode is intern'al to the well formed by a substance selected from the group 
consisting of silicon carbide, diamond-like coating, silicon nitride and silicon oxide in 
combination, titanium oxide, tantalum oxide, aluminum nitride, aluminum oxide, 
zirconium oxide, PTFE (polytetrafluoroethylene), FEP (fluorinated ethylene 
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propylene and waxes, and its titanium ring; said electrode whole angle at it's peak 
being in the rangJ from 1 ° to 120°; the base of said conical or pyramidal electrode 
ranging from 1 pin to 500 pm; the linear section of the well unoccupied by said 
conical or pyramidal electrode ranging from zero to one-third. 

68. ; The retinal color prosthesis as in claim 65 wherein the platinum 
electrode has a Jushroom-like shape with a narrower stalk and a larger head which 


has a larger plan 


69. 


view area than the well from which it arises. 


The retinal color prosthesis as in claim 1 wherein hermetic sealing a 


component of said retinal color prosthesis is accomplished by coating the object to be 
hermetically sealed selected from the group consisting of silicon carbide, diamond- 
like coating, siliccSl nitride and silicon oxide in combination, titanium oxide, tantalum 
oxide, aluminum nikcfe, aluminum oxide, zirconium oxide, PTFE 
(polytetrafluorioethylene), FEP (fluorinated ethylene propylene and waxes. 


/ 

70. 


The retinal color prosthesis as in claim 1 wherein hermetic sealing 
of a component of said retinal prosthesis is accomplished by placing it in a metal and 
ceramic box of rectangular cross-section with the top side and bottom side initially 
open, the bottom! being a material selected from the group consisting of aluminum 
oxide or zirconivL oxide; the top and four sides being a metal selected from the group 
consisting of platinum, iridium, gold, and stainless steel. 

71. The retinal color prosthesis as in claim 70 further comprising 
solder balls placed on the "flip chip", which electrically contact metal feedthroughs 
made of a metal selected from the group iridium, platinum, titanium, palladium, gold, 
and stainless steel. 

72. The retinal color prosthesis as in claim 7 1 wherein the metal- 
ceramic case empty of electronic circuitry, the ceramic base attachment to the metal 
sides is by brazing; with the flip-chip circuitry inside the metal-ceramic case, the 
metal top stands attached to the metal sides by laser welding. 
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An eye-motion compensation system comprising 
an eye-movement tracking apparatus; 

said eye-movement-tracking system measuring eye position, and 


time; 


wherein said measurements are converted to information signals by 
the eye-movement tracking apparatus; 

d. \ wherein said Information signals are chosen from the group 
consisting of electromagnetic signals, acoustical signals, and light signals; 

e. \ wherein said information signals are transmitted by a transmitter on 
the eye-movemeifbacking apparatus to a receiver on the video data processing unit; 

f. \sai\i video data processor unit interprets eye movement 
measurements over tiine^asangular positions, angular velocities, and angular 

accelerations; 1 ^ 1 \ 

g. ^ sW eye position, velocity, acceleration data is further processed by 
the video data processing unit; wherein feedback information is provided to the video 
data processor; wherein compensation, stabilization and adjustment for the motion of 
the eye is provided td an electronic image, from an imager carried by a patient; 
wherein said image is\presentable to the retina by way of an internal-to-the-eye 
implant. 

74. A head motion compensation system comprising a 
head motion tracking system wherein the motion and position of the head is sensed by 
a basic sensor selected from the group consisting of an integrating accelerometer, a 
micro-machined mechanical gyroscope, a laser gyroscope, a combination of an 
integrating accelerometenand a micro-machined mechanical gyroscope; a 
combination of an integrating accelerometer and a laser gyroscope; the motion and 
position of the head is determined by said basic sensor; wherein the data are 
communicated from the h Jad tracking system to the video data processing unit by 
telemetry; wherein the data\are processed in the video data processor; and wherein 
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said video data processing unit can process the data of the motion of the eye as well as 
that of the head to furthir adjust the image electronically whereby the electronic data 
image is presented to the patient adjusted for eye motion and head motion. 


tie 


75. Ap 
eye of a patient; a first 
transceiver located in 
implant; said physiciar 
the image data parame ers 
physician's control unit 
eye transmits out of the 


control unit wherein 


such as maximum and 


lysician's control unit comprising a unit located external to the 
transceiver located in the physician's control unit; a second 
internal-to-the-eye of the patient retinal color prosthesis 
s control unit transceiver transmits information which controls 

of the image supplied by external imager; and wherein the 
receives information which said implanted inside the patient's 


\ 

eye. 


76. Th j3 apparatus of claim 75 further comprising said physician's 
the physician sets control parameters of the image data signal 
minimum amplitudes, range of pulse widths, range of 


frequencies, and electrode patterns of electrical stimulation. 

77. The apparatus of claim 76 wherein said physician's control unit 
receives and monitors said transmitted-out, of the patient's eye, information including 
electrode current, elefctrode impedance, compliance voltage, and electrical recordings 


from the retina. 


tp 


ion ; 


78. A 
held computer used 
soon after implantati 
unit; a transceiver in 
hand-held test unit 
of the eye of the patijent 
implant electronic cl 
each electrode,. one 


hysician's hand-held or palm-size test unit comprising a hand- 
set up and evaluate a retinal color prosthesis implant during or 
at the patient's bedside; a transceiver in the hand-held test 
the retinal color prosthesis internal-to-the-eye implant; said 
having the capability of receiving signals which are transmitted out 

and having the ability to send information in to the retinal 
iip; said hand-held computer able to adjust the amplitudes on 
at a time, or in groups. 


79 a patient's control unit comprising a unit located external to the 
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patient's eye and normally carried by the patient, including but not limited to, on a 
belt, that has patiint accessible controls; said controls controlling apparent brightness, 
apparent contrast] and apparent magnification as presented to the patient's perception 
by the retinal color prosthesis; said patient's control unit having electronic circuits and 
components; whe ein upon remote command, will respond in a manner similar to that 
of said physician's local unit; and which has a transmitter and a receiver for remote 
communication. 

80. An electrode apparatus comprising a plurality of electrodes 
hermetically sealld by a coating of hermetic sealant; wherein said hermetic coating 
sealant is made fom a material selected from the group consisting of silicon carbide, 
ing, silicon nitride and silicon oxide in combination, titanium oxide, 


diamond-like coa 
tantalum oxide, a 


uminum nitride, aluminum oxide or zirconium oxide. 


15 


$4 

a material selected 
platinum, iridium, 


83 

selected from the 
nitride and silico 


The apparatus of claim 80 further comprising said electrodes from 
from the group consisting of pyrolytic carbon, titanium nitride, 
and iridium oxide. 


82. The apparatus of claim 80 further comprising said plurality of 
20 electrodes insulatjed along their extension, up to their tips. 


25 


The apparatus of claim 80 further comprising said insulation 
group consisting of silicon carbide, diamond-like coating, silicon 
n oxide in combination, titanium oxide, tantalum oxide, aluminum 
nitride, aluminJn oxide, zirconium oxide, PTFE (polytetrafluoroethylene), FEP 
(fluorinated eth>lene propylene and waxes. 


30 


84. 

electrodes partially 
85. 

within an insulator 


86. 


The apparatus of claim 80 further comprising said plurality of 
insulated. 

The apparatus of claim 84 further comprising electrodes recessed 


The apparatus of claim 85 wherein the electrode surfaces are flat. 
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87. llhe apparatus of claim 86 wherein the insulating surfaces form a 
curved surface such 'as will conform to the curvature of the retina at its designated 


placement point. 

88. 

within the insulator 


89. The apparatus in claim 80 wherein said electrodes are capacitive 


electrodes. 


he apparatus of claim 85 wherein the electrodes are recessed 
but the sides of the electrodes are exposed. 


90. The apparatus in claim 89 wherein said capacitive electrodes are 
selected as a pair frjm the group of pairs consisting of iridium and iridium oxide, and, 
titanium and titanii^m>nitride. 

91. -^Tht: apparatus of claim 80 wherein said electrodes are elongated 
electrodes, from ft 00 microns to 500 microns in length. 


92. 

being of relative positive 
relative ground ele 


93. 

electrodes in a 


The apparatus of claim 84 wherein said plurality of electrodes are, 

polarity, arranged in a unipolar arrangement, with the 
trode on the insulated back of the electrode assembly. 


The apparatus in claim 84 further comprising said plurality of 
bipolar arrangement. 


94. The apparatus in claim 84 further comprising said plurality of 
electrodes in a multipolar arrangement. 


95. | The apparatus of claim 94 further comprising said plurality of 


electrodes in an e 


96. 


ectric field focusing arrangement. 


The apparatus of claim 84 further comprising a coating of a 


neurotrophic factor on the surface of the electrodes. 

i 
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97. The apparatus as in claim 96 further comprising a coating of Nerve 
Growth factor (NGF) on the surface of the electrodes. 

98. The apparatus of claim 84 further comprising a coating of a 
neurotrophic factor on the surface of the insulator near the electrodes. 

99. The apparatus as in claim 98 further comprising a coating of Nerve 
Growth Factor (NGF) on the surface of the insulator near the electrodes. 


0 


20 


25 


30 


100. A retinal electrode array coating comprising a coating of 
neurotropriic factor on the surface of the electrodes. 

.1101. . The retinal electrode array coating as in claim 1 00 further 
comprisingla coating of Nerve Growth Factor (NGF) on the surface of the electrodes. 
/ 1 

1 02. The retinal electrode array coating as in claim 1 00 further 
comprising a coating of neurotrophic factor on the surface of the insulator near the 
electrodes. I 

103. The retinal electrode array coating as in claim 100 further 
comprising a loating of Nerve Growth Factor (NGF) on the surface of the insulator 
near the electrodes. 

1 04. An eye-implantable electronic circuit subsystem comprising one 
or more electrJnic circuits hermetically sealed wherein said hermetic sealant is made 
from a coating selected from the group consisting of silicon carbide, diamond-like 
coating, silicorJ nitride and silicon oxide in combination, titanium oxide, tantalum 
oxide, aluminum nitride, aluminum oxide, zirconium oxide, PTFE 
(polytetrafluordethylene), FEP (fluorinated ethylene propylene and waxes.. 

1 05 The eye-implantable electronic circuit subsystem of claim 1 04 
wherein a hermltic sealant is selected from the group consisting of silicon carbide, 
diamond-like coating, silicon nitride and silicon oxide in combination, titanium oxide, 
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tantalum oxide, aluminum nitride, aluminum oxide and zirconium oxide; and wherein 
said sealant is applied to an eye-implantable electronic circuit subsystem by ion-beam 
assisted deposition ilB AD). 


106. The eye-implantable electronic circuit subsystem of claim 104 
further comprising said internal component having a configuration of two or more 
physically separate parts wherein insulated wires join said parts, wherein at least one 
of said two or mop physically separate parts of the internal component is configured 
as an electronic component and at least one of the other of said two or more separate 
parts of the internancomponent is configured as an electrode component. 

\ 


■ u 

1 

\ 

107. 


farther comprising: 
a. 

subretinally; and^ 
b. 

epiretinally. 

108. 


The eye-implantable electronic circuit subsystem of claim 106 
an at least one electrode component at least partially implanted 
an at least one electronic component at least partially implanted 


The eye-implantable electronic circuit subsystem of claim 104 


farther comprising: 

a. an at least one electrode component implanted epiretinally; and 

b. an at least one electronic component fastened subretinally. 

109. The eye-implantable electronic circuit subsystem of claim 104 
farther comprising at least one said electronics component, in a position distant from 
at least one said electrode component, both said components within the eye. 

1 10. The eye-implantable electronic circuit subsystem of claim 109 
farther comprising an insulated conducting coil attached to one electronic component 
by both ends pf said coil. 

i 

111. The eye-implantable electronic circuit subsystem of claim 1 1 0 
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further coinprising said coil attached to said electronic component, each end of the 
insulated conducting coil attached to an electrically different attachment point on said 
electronic component. 

112. The eye-implantable electronic circuit subsystem of claim 104 
further comprising a plurality of said insulated conducting coils attached to at least 
one electronic component by both ends of said coil. 

I 

I 

I 113. The eye-implantable electronic circuit subsystem of claim 112 

1 

10 further comprising a plurality of said insulated conducting coils attached to at least 
one said electronic component, each end of the insulated conducting coil attached to 
an electrically different attachment point on said electronic component. 

1 1'4. The eye-implantable electronic circuit subsystem of claim 1 13 
15 further comprising an insulated conducting coil attached to one electrode component 
by both ends of said coil. 


y> 115. The eye-implantable electronic circuit subsystem of claim 1 1 4 

further comprising said coil attached to said electrode component, each end of the 

20 insulated conducting coil attached to an electrically different attachment point on said 

O ! 
ju electrode coniponent. 


116. The eye-implantable electronic circuit subsystem of claim 1 1 5 
further comprising a plurality of said insulated conducting coils attached to at least 

25 one of said electrode components by both ends of said coil. 

117. The eye-implantable electronic circuit subsystem of claim 115 
further comprising a plurality of said coils attached to said electrode component, each 
end of said insulated conducting coil attached to an electrically different attachment 

30 point on said electrode component. 

1-18. . An eye-implantable subsystem comprising a configuration of two 

physically separate parts wherein insulated wires join said parts. 

1 , 
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1 19. The eye-implantable subsystem as in claim 118 further 
comprising one of said two separate parts of the internal component that is configured 
as a combined electronic and electrode component and the other of said two separate 
parts of the internal component which is also configured as a combined electronic and 
electrode pomponent. 

120. The eye-implantable subsystem as in claim 119 further 
comprising one of said combined electronic and electrode components subretinally 
positioned! and the other of said combined electronic and electrode components 
epiretinalll positioned so as to efficiently stimulate bipolar and associated cells in the 
retina. 


121. The eye-implantable subsystem as in claim 120 further 
comprising one of said two physically separate parts of the eye-implantable 
subsystem fl^ti^^^S 111 *^ as an electronic component; and wherein the other of 
said twoj^lically separate parts of the eye-implantable subsystem is configured as 
an elecyrodp Component. 

122. The eye-implantable subsystem as in claim 121 further 
comprising at least one electrode component subretinally positioned and at least one 
electronic component epiretinally positioned. 

123. The eye-implantable subsystem as in claim 122 further 
comprising kt least one electronics component in a position distant, within the eye, 
from said elfectrode component; wherein said electrode component is placed near the 
retina; whereby the relatively high heat dissipation of electronic component has a 
minimal effect on the heat sensitive retina. 


comprising 
vitreous cavity 


J24. The eye-implantable subsystem as in claim 123 further 
least one electronics component in a position centrally within the 


15. An eye-implantable subsystem for inductively transferring 
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electromagnetic energy into and out from an electronic component located internally 
in the eye, con prising: 

a (foil external to a patient; 

o insulated conducting coils, both located within the ocular orbit; 
e free end of a first coil joined to one free end of a second coil; 
second free end of said first coil joined to a second free end of said 


tw 
or 
a 


a. 
b. 
c. 
d. 

second coil; 

e. a 
within the eye; 

f sq 


hird coil attached integrally to an internal electronic component located 


id second coil located in proximity to said third coil. 

g. wherein said first coil is inductively coupled by a changing 
electromagnetic field in the coil external to the patient; wherein said first coil is 
electrically connected to the second coil whereby the current in the second coil 
conforms to the current in the first coil; wherein said second coil is inductively 
coupled to said third coil by a second changing electromagnetic field; whereby a 
current proch^d in the third coil supplies energy to the electronic component located 
within the eye; 

h. / whkfein a changing current supplied to the third coil by the electronic 
componeilJt within the eye produces a changing electromagnetic field in said third coil; 
wherein skid third coil is inductively coupled to the second coil; wherein said second 
coil is electrically connected to said first coil; whereby a changing electromagnetic 
field is prodi ced by the first coil; 

i. wherein said first coil produces a changing electromagnetic field which 
can inductively couple to said coil external to the patient. 

26. The eye-implantable subsystem of claim 125 wherein the position 
of said second coil is toward the lens of the eye; and said first coil is toward the front 
of the eye. 

27. The eye-implantable subsystem of claim 126 wherein 
said second :oil is positioned toward the retina of the eye; and said first coil is 
positioned toward the front of the eye. 

28. An apparatus which transfers acoustic energy and information 
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into and oul from an electronic component located internally in the eye, comprising: 

a. a first acoustical bi-directional transducer located within the eye; 

b. wherein said bi-directional transducer acts as a transmitter and a receiver 
of acoustical energy; 

a second bi-directional acoustical transducer located on an external unit 
worn on th£ head; 

wherein said bi-directional transducer acts as a transmitter and a receiver. 


d. 


o f acoustiqal energy; 

acoustic signal information and acoustic energy transmitted from one of 
ucers is received by other of said transducers; 

each of said acoustical transducers receives and amplifies a received 
received power; 

each of said acoustical transducers converts the received signal and the 


e. 

said trans- 
f. 

signal an 
g 

received 


power to an electrical signal and to electrical power. 



29. A method for making a retinal prosthetic for color sight restoration 

com$isi|tig the steps of: 

a. imaging with a color imager to capture color image, said color 
imaging being part of an external component, which is carried by the patient; 

b. processing video data with a video data processing unit for 
converting said image to electrical signals which contain image color signal data, said 
color imaging being part of said external component, which is carried by the patient; 

c. implanting internal to the eye a component which has a plurality of 
electrode^ and one or more electronic circuits; 

d. communicating between the external receiver and transmitter and 
the internkl receiver and transmitter for communication between the external 
component and the internal component; 

e. configuring said electronic circuits to receive color signal 
informatiok from the video data processing unit, activate the electrodes based on said 
color signal information and extract electrical power from the received signal; 

if. configuring said electrodes to stimulate bipolar cells of the retina 
electrically. 
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130. Tiie method as in claim 129 further comprising the step of 
processing data with a/video data processing unit which converts said color image to 
electrical signals corresponding to data for a pixel or grid-like arrangement of 
electrodes placed within the eye. 

131. / The method as in claim 129 further comprising the step of 
compensating for eve-motion with an eye-motion compensation system. 


132. | The method as in claim 1 3 1 comprising the steps of: 

a. / tracking eye-movements; 

b. / measuring eye movements; 

c. / transmitting said measurements to video data processor unit; 
interpreting eye| movement measurements as angular positions, angular velocities, and 
angular accelerations; 

d. \f\ processing eye position, velocity, acceleration data by the video 
<mta processing unit; 

compensating, stabilizing and adjusting image electronically. 

133. The method as in claim 132 further comprising the steps of, for 
a head tracking system, determining the motion and position of the head by an 
apparatus selected from the group consisting of an inertial unit with an integrating 
accelerometer, a laser gyroscope, and a combined inertial unit (with an integrating 
acceleromiter) together with a laser gyroscope; processing the data in the video data 
processor;/ communicating the data from the head tracking system to the video data 
processing unit by telemetry. 

134. The method as in claim 133 further comprising the steps of 
processing video data image and other data related to said image signal data, 
includin 5 electronic compensation for the motion of the eye(s) and including 
electronic compensation for the motion of the head; utilizing said video data 
processing unit. 


135. The method as in claim 129 further comprising the steps of 
monitoring and adjusting, upon external command, data to and from the internal 
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retinal implants using programmable external and internal units. 


136. 

physician's conti 
supplied by 
which an i 


The method as in claim 129 further comprising the steps of, for a 
ol unit, locating a unit external to the eye; controlling information 
external image signal data at physician's choice; and receiving diagnostic 
implarAed unit inside the eye transmits out of the eye. 


137 

controlling and 
as amplitudes, 


The method as in claim 136 further comprising the steps of 
jetting the parameters, by the physician, of the image data signal such 
ulse widths, frequencies, and patterns of electrical stimulation. 


13? 

receiving and 
electrode impe« 
utilizing the pj 


The method as in claim 136 further comprising the steps of 


rjioi^itoring said transmitted-out information including electrode current, 
eTcompliance voltage, and electrical recordings from the retina, 
silcian's control unit. 


The method as in claim 129 further comprising the steps of, for a 
physician's haAd-held unit, setting up and evaluating a retinal color prosthesis implant 
soon after the implantation, at the patient's bedside utilizing a handheld computer- 
based unit; rec uving signals transmitted out of the eye; transmitting information in to 
the retinal color implant electronic chip; adjusting the amplitudes on each electrode, 
one at a time, cr in groups; determining success of the retinal implant. 


14C 


utilizing a unit 


The method as in claim 129 further comprising the steps of, for a 


patient's control unit, controlling apparent brightness, contrast, and magnification 


eternal to the eye; managing the controls by the patient. 


1411 The method as in claim 1 30 further comprising the steps of 
encoding and transmitting time sequences and widths of pulses for signaling color to 
bipolar cells, using said video data processing unit. 


142. 1 The method as in claim 130 further comprising the steps of: 
processing video Idata; encoding electrical signal information for signaling color to the 
different bipolar dells utilizing the video data processor, in a planar pattern, 
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corresponding to the location of electrodes in the vicinity of the individual bipolar 
cells, including red-denter-green surround, green-center-red-surround, blue-center- 
yellow surround andlyellow-center-blue-surround bipolar cells. 

143. Ihe method as in claim 129 further comprising the steps of 
hermetically sealing and partially insulating one or more electrode subpart(s). 

144. The method as in claim 129 further comprising the step of 
hermetically sealing ope or more electronic circuit subpart(s). 

145. Thte method as in claim 129 further comprising the step of 
transferring received processed image data to the electrodes by utilizing electronic 
circuits within the eye. 


146. Th 
applying received 
to the original extern; 


jethod as in claim 145 further comprising the step of 
color/jsigfnal information to a plurality of electrodes, corresponding 
ike scene capture; utilizing electronic circuits. 


147. ]Thelmethod as in claim 129 further comprising the steps of 
measuring and transmitting out of the eye the signal power level being received 
internally; utilizing electronic circuits. 


148. The method as in claim 129 further comprising the steps of 
measuring and transmitting out of the eye an impedance for each of the different 
electrodes; utilizing electronic circuits. 

149. The rriethod as in claim 129 further comprising the steps of 
measuring electrophysiologic retinal recordings and transmitting them out of the eye; 
utilizing electronic circuits. 

150. The method as in claim 129 further comprising the step of 
implanting fully subretinally said internal component. 


151. The methbd as in claim 129 further comprising the step of 
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implanting epiretinally said 


internal component. 


152. The method as in claim 129 further comprising the step of 


configuring said plurality 


(if electrodes in a monopolar arrangement. 


153. The 
configuring said plurali 


154. 


The 


nethod as in claim 129 further comprising the step of 
ty of electrodes in a bipolar arrangement. 


method as in claim 129 further comprising the step of 


configuring said plurality /df electrodes in a multipolar arrangement. 


155. 

configuring said pi 



od as in claim 155 further comprising the step of 
f electrodes in an electric field focusing arrangement. 


156. The method as in claim 129 further comprising the step of 
selecting said plurality of electrodes comprises a substance from the group consisting 
of pyrolytic carbon, tita nium nitride, platinum, iridium, and iridium oxide. 

157. The method as in claim 143 or claim 144 further comprising the 
step of selecting an her netic sealant coating substance from the group consisting of 
silicon carbide, diamoi d-like coating, silicon nitride and silicon oxide in combination, 
titanium oxide, tantalu n oxide, aluminum nitride, aluminum oxide, zirconium oxide, 
PTFE (polytetrafluoro ethylene), FEP (fluorinated ethylene propylene and waxes. 


158. 

insulating said plurality 


he method as in claim 129 further comprising the step of 
of electrodes along their extension, up to their tips. 


159. 

selecting said insula! 
coating, silicon nitricje 
oxide, aluminum 
(polytetrafluoroethyl 


160. 


he method as in claim 158 further comprising the step of 
on from the group consisting of silicon carbide, diamond-like 
and silicon oxide in combination, titanium oxide, tantalum 
nitijide, aluminum oxide, zirconium oxide, PTFE 

:), FEP (fluorinated ethylene propylene and waxes. 


sne) 


he method as in claim 129 further comprising the step of 
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selecting a pair of substances to fonfka plurality of capacitive electrodes, the group of 
pairs consisting of the pairs iridium ahd iridium oxide, and, titanium and titanium 
nitride. 


161. The method a; 
mounting a plurality of capacitors 
correspondence with the plurality of 

162. The method as 
configuring said internal componen 
join said parts. 

163. The method a 
configuring one of said two sepa 
electronic and electrode comp 
parts of the internal componei 


in claim 129 further comprising the step of 
the electrode substrate in a one-to-one 
electrodes. 

n claim 129 further comprising the step of 
into two separate parts wherein insulated wires 


162 further comprising the steps of 
of the internal component as a combined 
d configuring the other of said two separate 
mbined electronic and electrode component. 



25 


164. The method ds in claim 163 further comprising the steps of 
positioning one of said combined electronic and electrode component subretinally and 
positioning the other of said con: bined electronic and electrode component 
epiretinally. 

165. The method as in claim 164 further comprising the step of 
holding said two components positioned in a prescribed relationship to each other by 
small magnets. 


30 


166. The method as in claim 1 64 further comprising the step of 
holding said two components jn a prescribed relationship to each other by alignment 
pins. 

167. The method as in claim 164 further comprising the step of 
holding said two components positioned in a prescribed relationship to each other by 
snap-together mating parts. 
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1 68. The method as in claim 1 62 further comprising the steps of 
configuring one of said two separate parts of the internal component as an electronic 
component and configuring the other of said two separate parts of the internal 
component as an electrode component. 

169. The method ai in claim 168 further comprising the steps of 
positioning said electrode component subretinally and said positioning said electronic 
component epiretinally. 

170. The methdd as in claim 169 further comprising the steps of 
placing said electrode component near the retina; and placing said electronics 
component in a position distort, within the eye, from said electrode component. 

171 . The method as in claim 129 further comprising the steps of 
attaching an insulated con#et^ coil to the internal component, attaching each end 
of the coil to an electrics 


fferent attachment point on said internal component. 


172, Theinethod as in claim 171 further comprising the steps of 
joining two insulated co/ls, the first larger, and the second smaller, joining one free 
end of the first coil to ofae free end of the second coil, joining the other free end of 
said first coil to the ottter free end of said second coil, placing said smaller coil in 
proximity to a coil attached to said internal component, positioning and fastening said 
larger coil toward thi lens of the eye. 

1 73 . /The method as in claim 1 29 further comprising the steps of 
building an interni component in two parts, the first part an electronics part, the 
second part an elefctronics and electrode part; integrating an insulated conducting 
pick-up coil into iach of the first and second internal component parts-Joining two 
insulated conducting coils, one larger, and the second smaller, joining one free end of 
the first larger cJil to one free end of the second smaller coil, joining the other free 
end of said first fiarger coil to the other free end of said second smaller coil, attaching 
said second smiller coil in proximity to said coil integrated to the first internal part; 
locating said filst internal part in the fatty tissue behind the eye; locating the second 
internal part Within the eye; attaching said larger coil to the temporal region of the 
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head, in the vicinity of the eye. 


174. The method 
coating a neurotrophic facto:' 


175. The method 
coating a Nerve Growth 


176. The 
10 coating a neurotrophic 


as in claim 129 further comprising the step of 
ontci the surface of the electrodes. 


as in claim 174 further comprising the step of 
Facjtor (NGF) on the surface of the electrodes. 


rnithod as in claim 129 further comprising the step of 
factdr on the surface of the insulator near the electrodes. 


177. The mjethod as in claim 176 further comprising the step of 
NGF) on the surface of the insulator near the 


15 


coating a Nerve Growth ¥'< 
electrodes. 

178. The. 
partially insulating said 



179. The method 
20 recessing electrodes withih 


180. The 
forming the electrodes witth 


method as in claim 179 further comprising the step of 
flat surfaces. 


25 181. The 

forming the insulating 
curvature of the retina at 


182. The 
30 recessing the electrodes 


183. The 
fabricating elongated 


fod as in claim 129 further comprising the step of 
ity of electrodes. 


as in claim 178 further comprising the step of 
an insulator. 


nethod as in claim 179 further comprising the step of 
surfaces as a curved surface; conforming said curvature to the 
ts designated placement point. 


method as in claim 179 further comprising the steps of 
vjithin the insulator; and exposing the sides of the electrodes. 


iliethod as in claim 129 further comprising the step of 
elecirodes from 100 microns to 500 microns in length. 
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184. The method as in ilaim 129 further comprising the step of 
attaching iridium slug electrodes to a slbstrate by conductive adhesive. 

185. The method as in/claim 184 further comprising the step of 
covering the substrate with aluminuni or zirconium oxide or silicone; leaving 
openings where the iridium slugs ard located. 

1 86. The method as/ in claim 1 85 further comprising the steps of 
situating the iridium slugs, one-to-fcne, within said openings, in said covering 
material; fitting said iridium slugs/against the walls of said openings. 

187. The method ks in claim 185 further comprising the steps of 
situating the iridium slugs, one-t|.-W within said openings in said covering material; 
and recessing said iridium slu^iymmetrically from the walls of said openings. 

188. The m/lhoklas in claim 186 or in claim 187 further comprising 
the step of situating said iridiurti slugs to stand with their tops flush with the tops of 
the openings where the depth <jf the openings range from 0. 1 \im to 1 mm. 

1 89. The metMod as in claim 1 86 or in claim 1 87 further comprising 
the step of situating said iridiim slugs to stand with their tops recessed below the top 
of the openings where the deith of the openings range from 0.1 u-m to 1 mm. 

190. The method as in claim 189 further comprising the step of 
constructing a iridium elect/ode assembly, further comprising the steps of depositing 
an aluminum pad on a silicin substrate, which may also support electronic circuitry; 
electroplating iridium ontola foil selected from the group consisting of platinum or 
iridium foil; sealing the aria said foil covers hermetically by said foil, gluing said foil 
to said aluminum pad wittt electrically conductive glue; attaching, sputtering, plating, 
ion implanting, or ion-beim assisted depositing (IB AD) a titanium ring, to the 
platinum or iridium foil; kdhering an insulating layer to the titanium ring, where 
insulation material is selected from the group consisting of silicon carbide, diamond- 
like coatbig, silicon nitride and silicon oxide in combination, titanium oxide, tantalum 
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oxide, aluminum nitride, alumiAum oxide and zirconium oxide. 

191. The methid as in claim 1 29 further comprising the step of 
constructing a titanium electrclde assembly, further comprising the steps of depositing 
an aluminum pad on a silicon/substrate, which may also support electronic circuitry; 
electroplating titanium onto I platinum or iridium foil; sealing the area said foil 
covers hermetically by said foil, gluing said foil to said aluminum pad with 
electrically conductive glue/ attaching, sputtering, plating, ion implanting, ion-beam 
assisted depositing (IBAD)/a titanium ring, to the platinum or iridium foil; adhering 
an insulating layer to the tlanium ring, where insulation material is selected from the 
group consisting of silkflJ carbide, diamond-like coating, silicon nitride and silicon 
oxide in combination/ tit|nium ^pxlde, tantalum oxide, aluminum nitride, aluminum 
oxide and zirconiyn/ oxk 

192. V ThJ method as in claim 190 or claim 191 further comprising the 
step of plating an aluninum layer onto the exposed part of the titanium ring and onto 
a material selected frcin the group consisting of silicon carbide, diamond-like coating, 
silicon nitride and silicon oxide in combination, titanium oxide, tantalum oxide, 
aluminum nitride, aluminum oxide and zirconium oxide, said aluminum layer acting 
as an electrical conductor. 

1 93 . the method as in claim 1 9 1 further comprising the steps of 
forming said platiAum electrode internal to the well formed by a substance selected 
from the group consisting of silicon carbide, diamond-like coating, silicon nitride and 
silicon oxide in Combination, titanium oxide, tantalum oxide, aluminum nitride, 
aluminum oxidi and zirconium oxide, and its titanium ring; fabricating said electrode 
with its whole ieak angle in the range from 1 ° to 120° ; forming the base of said 
conical or pyramidal electrode in the range from 1 urn to 500 pm; forming the linear 
section of the /veil unoccupied by said conical or pyramidal electrode in the range 
ranging from/zero to one-third of the whole linear section. 

L94. The method as in claim 1 91 further comprising the steps of 
forming th i platinum electrode with a mushroom-like shape with a narrower stalk; 
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constructing said electrode 
it arises. 


head with a larger plan view area than the well from which 


195. The method as in claim 129 further comprising the step of 
hermetically sealing a con: ponent of said retinal color prosthesis by coating said 

:e selected from the group consisting of silicon carbide, 
diamond-like coating, silicon nitride and silicon oxide in combination, titanium oxide, 
tantalum oxide, aluminum nitride, aluminum oxide, zirconium oxide, PTFE 
(polytetrafluoroethylenel FEP (fluorinated ethylene propylene and waxes. 


196. Thjb method as in claim 129 further comprising the step of 
hermetic sealing a connbonent of said retinal color prosthesis by placing it in a metal 
and ceramic box of rectangular cross-section with the top side and bottom side 
initially open, the bottoir hentig a ceramic selected from the group consisting of 
aluminum oxide^ip-ferc onium oxide; the top and four sides being a metal selected 
from the group co$s|sting of platinum, iridium, palladium, gold, and stainless steel. 

/ i 

197. /The method as in claim 196 further comprising the steps of 
placing solder ball J on a "flip chip"; selecting a metal for the metal feedthroughs 
which the contact tihe solder balls from the group iridium, platinum, titanium, 
palladium, gold, aid stainless steel; and plating the inner surface of the feed-through, 
toward the solder pall being plated with gold or with nickel. 

198. | The method as in claim 197 further comprising the steps of 
brazing the ceramic base of the metal-ceramic case to the metal sides of said case with 
said metal-ceranhic case empty of electronic circuitry; laser welding, subsequently, 
with the flip chip circuitry inside the case, the metal top of said case to the metal sides 
of said case. 


1991 The method as in claim 129 further comprising the steps of 
compensating For eye motion further comprising the steps of measuring eye motion; 
transmitting said eye motion information to said video data processing unit; 
interpreting eye movements data as angular positions, angular velocities, and angular 
acceleration; processing of eye position motion data by the video data processing unit; 
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compensating for eye i novement effects on the image by electronic compensation, 
stabilization and adjusi ment. 


200. X 
receiving diagnostic 
information to said 
receiving and 


le method as in claim 129 further comprising the steps of 
ii^formation from and supplying calibration and adjustment 
retinal color prosthetic utilizing a physician's control unit; 
transmitting said information with said physicians control unit. 


physician, or a medical 


202. 

physician, or a medii: 


201. The method as in claim 129 further comprising the steps of the 


technician, controlling and setting parameters of the image 


data signal such as amplitudes, pulse widths, frequencies, and patterns of electrical 
stimulation utilizing ths physician's control unit. 


le 


including electrode/cur -ei t, electrode impedance, compliance voltage, and electrical 


recordings from thfe ret 


203. Tl 


method as in claim 129 further comprising the steps of the 
ician, is monitoring transmitted-out information 


na\ utilizing the physician's control unit. 


e method as in claim 129 further comprising the steps of 
utilizing a physician's )ost-operative hand held computer-based test unit to set up and 
to evaluate a retinal pre sthesis implant during or soon after implantation, at the 
patient's bedside; send ng information to and receiving information from the video 
data processing unit utilizing said physician's post-operative unit; sending 


information to the retin il 
electrode, one at a time 


unit; and determining tl e success of the retinal prosthesis. 


204. Tl e 
controlling apparent bright 
magnification utilizing 
unit external to the eye 


implant electronic chip; adjusting the amplitudes on each 
or in groups utilizing said hand-held computer-based test 


method as in claim 129 further comprising the steps of 
ness, controlling apparent contrast and controlling 
patient-operated patient's control unit; locating said patient's 


205. The method as in claim 129 further comprising the steps of 
utilizing a physician's remote unit to perform all of the functions of the local 


J 
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physician's control unit; corrimunicating with the video data processing unit, both 
transmitting set-up and contrpl commands, and receiving diagnostic and monitoring 
information. 


10 


15 


N 
m 


J3S>. 


20 


25 


30 


206. A method for making an eye-motion compensation system 
comprising the steps of: 


g said measurements to information signals 
ting said measurements to video data processor unit; 


a. 

tracking 

b. 

measurij 

c. 

converti 

d. 

transmi 

e. 

interpre t 


ar accelerations; 
njg eye nosition, velocity, and acceleration data by the video 


angular velocities, and a 

f. pro* 
data processing unit; 

g. coWipejisbting, stabilizing and adjusting an imager generated 
ie i by a patient, wherein an imager generated image, 

via an internal-to-the-eye implant, is electronically 
md adjusted for the motion of the eye 


image, said imager c 
presentable to the retina 
compensated, stabilized 


207. The method of claim 206 further comprising the steps of: 
selecting a head tracking apparatus from the group consisting of an inertial unit with 
an integrating accelerometer, a laser gyroscope, and a combined inertial unit with an 
integrating accelerometer together with a laser gyroscope; determining the motion and 
position of the head bylsaid apparatus; processing the data from said apparatus in the 
video data processor; transmitting the data from said apparatus the head tracking 
system to the video data processing unit by telemetry; processing the data of the 
motion of the eye as well as that of the head; adjusting an imager generated image, 
presentable to the retina via an internal-to-the-eye implant, electronically; 
compensating, stabilised and adjusted for the motion of the eye and head. 

208. A method for enabling a physician to control and evaluate the 
parameters for a retinal color prosthesis comprising the steps of controlling 
information supplied by an external-to-the-patient image signal to an internal-to-the- 
eye implant; and receiving diagnostic information from the implant. 
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209. The method of dlaim 208 further comprising the steps of the 
physician controlling and setting the/parameters of the image data signal such as 
amplitudes, pulse widths, frequencies, and patterns of electrical stimulation. 

210. The method of claim 209 further comprising the steps of 
receiving and monitoring information from the internal-to-the-eye implant including 
electrode current, electrode impedance, compliance voltage, and electrical recordings 
from the retina. 


211. A method fojr enabling a physician to set up the settable 
parameters of and evaluate the drffccess of a retinal color prosthesis implant soon after 
the implantation comprising ™ steps of utilizing a handheld computer-based unit at 
the patient's bedside; receivmgfsjg lafs transmitted out of the eye from an internal-to- 
the-eye retinal color pro^Jftpsisfimplant; transmitting information in to the retinal color 
implant electronic chip cqmpojienf ; adjusting the amplitudes on each electrode, one at 
a time, or in groups. 


212. A methodlfor enabling a patient to control some parameters of a 
retinal color prosthesis comprising the steps of controlling apparent brightness, 
contrast and magnification of {the patient's perception; utilizing an imager to supply an 
electronic image signal to a v; deo data processing unit; utilizing a control unit 
external to the eye; plugging ;aid unit external to the eye into a mating plug on the 
video data processing unit of said retinal processing unit; controlling patient settable 
parameters by patient operate d controls; resetting the video data processing unit 


parameters; keeping the resei 
physician. 


parameter settings until reset by the patient or a 


213. A methc d for making an implantable, retinal-cell stimulating 
electrode array comprising Ihe step of selecting a plurality of electrodes from the 
group consisting of pyrolytfic carbon, titanium nitride, platinum, iridium, and iridium 
oxide. 


214. The rrrethod of claim 213 further comprising the steps of hermetic 
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sealing said electrode array by (bating said electrode array with a material selected 
from the group consisting of silicon carbide, diamond-like coating, silicon nitride and 
silicon oxide in combination, titanium oxide, tantalum oxide, aluminum nitride, 
aluminum oxide, zirconium oxide, PTFE (polytetrafluoroethylene), FEP (fluorinated 
ethylene propylene and waxes.. 


215. Themethoc 
insulating said plurality of 


electi odes 


insulating said plurality of 


218. Themetho 
electrodes within an insulator. 



of claim 213 further comprising the step of 
along their extension, up to their tips. 


216. The method of claim 215 further comprising the step of selecting 
said insulation from the group C3nsisting of silicon carbide, diamond-like coating, 
silicon nitride and silicon oxide in combination, titanium oxide, tantalum oxide, 
aluminum nitride, aluminum oxide, zirconium oxide, PTFE (polytetrafluoroethylene), 
FEP (fluorinated ethylene prop} lene and waxes. 

r 

217. The mMo i c f claim-2 1 3 further comprising the step of partially 


i of claim 213 further comprising the step of recessing 


219. The metho i of claim 218 further comprising the step of 
constructing the electrode surfaces as flat surfaces flush with the bottom of the 


insulator recess. 


220. The 
conforming the curvature of th 
designated placement area of 


methcjd of claim 219 further comprising the step of 

insulating surfaces to the curvature of the retina at the 
t|ie insulating surface. 


221. The method 
recessing the electrodes within 


222. The 
constructing said electrodes as 


of claim 218 further comprising the steps of 
the insulator; and exposing the sides of the electrodes. 


method of claim 213 further comprising the step of 
capacitive electrodes. 
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223. The method of clair ^ 222 further comprising the step of selecting 


said capacitive electrodes as a pair from 
iridium oxide, and, titanium and titaniu 


the group of pairs consisting of iridium and 
nitride. 


224. The method of claim 213 further comprising the step of 
producing said electrodes as elongated jelectrodes, from 100 microns to 500 microns 
in length. 

225. The method of c/aim 213 further comprising the step of arranging 
said plurality of electrodes, in a unipplar arrangement, with the indifferent electrode 
on the insulated back of the electrode assembly. 


226. The method 
said plurality of electrodes in a b#tf3lfrr 


aim 213 further comprising the step of arranging 
arrangement. 


227. The method if claim 213 further comprising the step of arranging 
said plurality of electrodes in a multipolar arrangement. 

228. The method/of claim 227 further comprising the step of arranging 
said plurality of electrodes in anjelectric field focusing arrangement. 


229. The method of claim 213 further comprising the step of coating a 
neurotrophic factor on the surfafce of the electrodes. 


230. The methc 
Nerve Growth Factor (NGF) o;i 


d of claim 229 further comprising the step of coating a 
the surface of the electrodes. 


231. The method 
neurotrophic factor on the surf 


of claim 213 further comprising the step of coating a 
ice'of the insulator near the electrodes. 


232. The method 
Nerve Growth Factor (NGF) cfri 


J 


of claim 23 1 further comprising the step of coating a 
the surface of the insulator near the electrodes. 
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233. A method for a n surotrophic coating comprising the step of 
coating an electrode array with a neurotrophic factor on the surface of the electrodes. 


234. The method for Ja neurotrophic coating of claim 233 further 
comprising the step of coating Nerve Growth Factor (NGF) on the surface of the 
electrodes. 

235. The method foi a neurotrophic coating of claim 233 further 
comprising the step of coating a neurotrophic factor on the surface of the insulator 
near the electrodes. 


236. The method 
comprising the step of coating 
insulator near the electrodes. 


neurotrophic coating of claim 23 further 
actor (NGF) on the surface of the 


e ( Jro 


237. A method for making an eye-implantable electronic circuit 
system comprising the steps of hermetically sealing one or more electronic circuits 
with a coating selected from the group consisting of silicon carbide, diamond-like 
coating, silicon nitride and silicon oxide in combination, titanium oxide, tantalum 
oxide, aluminum nitride, aluminum oxide, zirconium oxide, PTFE 
(polytetrafluoroethylene), FEP (jluorinated ethylene propylene and waxes. 

238. The method of claim 237 further comprising the step of 
configuring said eye-implantable electronic circuit system as two or more separate 
parts wherein insulated wires jdin said parts. 


239. The methoji of claim 238 further comprising the steps of 
configuring at least one of saidjtwo or more separate parts of the eye-implantable 
electronic circuit system as a predominantly electronic component and configuring at 


least one of the other of said tv 


electronic circuit system as an electrode component. 


o or more separate parts of the eye-implantable 
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240. The method of claim 239 further comprising the steps of: 

a. implanting at leaft one said electrode component at least partially 
subretinally; and 

b. implanting at leist one said electronic component at least partially 

epiretinally. 


241. The methop of claim 239 further comprising the steps of: 


a. implanting at 

b. implanting at 


electronics component, in a p« 


east one said electrode component; and 

east one said electronic component subretinally. 


242. The method of claim 241 further comprising at least one said 


ttioh distant, in the eye, from at least one said 


electrode component, in the p\ e, positioned near the retina. 

243. The nAfejMdlbf claim 241 further comprising the step of 
positioning at least one ^fectrinlcs component in a position centrally within the 
vitreous cavity. 


244. A method for constructing a coil system for driving a retinal color 
prosthetic internal-to-the eye electronic implant component comprising the step of 
attaching an insulated condi Lcting coil to an internal-to-the-eye electronic implant 
component by both ends of said coil. 


245. The 
said coil to an electronic 
conducting coil to an 
component. 


method of claim 244 further comprising the steps of attaching 
internal component; attaching each end of the insulated 
electiHcally different attachment point on said electronic 


246. The m 
a plurality of insulated 
ends of said coils. 


thod of claim 244 further comprising the step of attaching 
conducting coils to at least one electronic component by both 


247. The m ithod of claim 244 further comprising the steps of attaching 
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a plurality of insulated conductirig coils to at least one electronic internal component; 
attaching each end of said insulated conducting coils to an electrically different 
attachment point on at least one s lid electronic internal component. 


248. The method 
step of attaching an insulated 
both ends of said coil. 


or a coil system of claim 244 further comprising the 
conducting coil to an electrode internal component by 


249. The method 
said coil to said electrode internal 
electrically different attachment 

250. The method 
a plurality of said insulated co 
component by both ends of s 


of claim 248 further comprising the steps of attaching 

component; attaching each end of the coil to an 
point on said electrode internal component. 


251. The method 
steps of attaching a plurality of 


attachment point on said electn 



m 249 further comprising the step of attaching 
coils to at least one electrode internal 


of claim 250 further comprising the 

jaid coils to said electrode internal component; 


attaching each end of the insula :ed conducting coil to an electrically different 


le internal component. 


252. The method of claim 244 further comprising the steps: 

a. locating two insulated conducting coils located within the ocular orbit; 

b. joining a first free end of a first coil to a first free end of the second coil; 

c. joining a second frqe end of said first coil to a second free end of said 
second coil; 

d. attaching integrallyja third coil to an internal electronic part located 
within the eye; 

e. locating said second coil in proximity to said third coil. 


253 . The method bf claim 252 further comprising the steps of 
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positioning said second coil toward the lins of the eye; and positioning said first coil 
toward the front of the eye. 

254. The method of dawn 253 further comprising the steps of 
positioning said second coil toward the retina of the eye; and positioning said first coil 
toward the front of the eye. 


255. A method for an Acoustical energy and information transfer which 
transfers acoustic energy and information from and to a retinal color prosthesis 
internal-to-the-eye electronic implanf component located internally in the eye, 
comprising the steps of: 

a. locating an acoustical transducer in the eye; 

b. locating an acoustical transducer on an external unit worn on the head; 

c. transmitting acoustic sij^ialj information and acoustic energy from the 
first and from the second of said^n s clM cers > 

d. receiving acoustical jSi^iaJinfermation and acoustical energy by the 
second and by the first transducj^ 

e. amplifying said re$?eiyed Acoustical signal information and acoustical 
power by said acoustical transducers. 


256. An apparatus which transfers light energy and information into an 
electronic component located infernally in the eye, comprising: 

ted externally to the eye; wherein a modulated 
led into a modulated light signal; 


a. 

a photogenerator lo 


electrical signal is t 

b. 

a photodetector lod 

c. 

light energy and inp 

d." 

light information A 

modulated light signal is turnefl 


an electronic component located internally to the eye; wherein energy and 


information are extracted frorr 


from an electronic component 


the electrical signal. 


257. An apparatus which transfers light energy and information out 


located internally in the eye, comprising: 


a. a photogenerator ocated internally to the eye on an electronic 


a 
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component; wherein a modulated electrical signal is turned into a modulated light 

signal; * I 

d. a photodetector located! externally located externally to the eye; 

e. light energy and information transmitted by the photogenerator; 

f. light information and e nergy received by the photodetector; wherein the 
plurality of modulated light signal ; is turned into a plurality of modulated electrical 


signals; 

g. at least one electronic 
energy and information are extrac 


258. An apparatus 


circuit located externally to the eye; wherein 
ed from the electrical signal; 


a photodetector loc ited Externally located externally to the eye; 

formation transmitted by a plurality of 


vhich transfers light energy and information into 
and out from an electronic compo lent located internally in the eye, comprising: 

a. a photogenerator loca ted externally to the eye; wherein a modulated 
electrical signal is turned into a njatftfiated light signal; 

b. a photodetector locafed on tine internally located electronic component; 

c. a photogenerator lE^fe3lntemally to the eye on an electronic 
component; wherein a modumtefl elecfrical signal is turned into a modulated light 
signal; jj 

d. 

e. light energy and inJ 
photogenerators; I 

f. light information aAd energy received by a plurality of photodetectors; 
wherein the plurality of modulated light signals is turned into a plurality of modulated 
electrical signals; 

h. at least one electn nic circuit located externally to the eye; wherein 
energy and information are ex racted from the electrical signal; 

i. an electrical component located internally to the eye; wherein energy and 
information are extracted from the electrical signal. 

j. said external pho ogenerator disposed as to send light information and 
energy to the internal photodc tector; 


k. said internal ligh 
energy to the external photod 


generator disposed so as to send light information and 
Sector. 


259. A methoc 


for light energy and information transfer, which 
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transfers light energy into an electronic component, located internally in the eye, 
comprising the steps of: / 

a. locating a photogenenator externally to the eye; wherein a modulated 
electrical signal is turned into a rr odulated light signal; 

b. locating a photodetector on the internally located electronic component; 

c. transmitting light energy and information from the photo generator; 

d. receiving light information and energy by the photodetector; wherein the 
modulated light signal is turned/into a modulated electrical signal; 

e. locating an electrical component internally to the eye; extracting energy 
and information from the electrical signal. 

260. A method for light energy and information transfer, which 
transfers light energy out of in electronic component, located internally in the eye, 
comprising the steps of: /\\ 

a. locating a nhotpgenerator internally to the eye on an electronic 
component; turning /mod^lifed electrical signal into a modulated light signal; 

b. locating^^Atddetector externally to the eye; 

c. transmitting light energy and information from the photogenerator; 

d. receiving light information and energy from the photodetector; turning 
the modulated light signal into turned a modulated electrical signal; 

e. locating at/least one electronic circuit externally to the eye; extracting 
energy and information from the electrical signal; 

261. A method for light energy and information transfer, which 
transfers light energy into and out of an electronic component, located internally in 
the eye, comprising the steps of: 

a. locating a photogenerator externally to the eye; turning a modulated - 
electrical signal into a modulated light signal; 

b. localting a photodetector on the internally located electronic component; 

c. locating a photogenerator internally to the eye on an electronic 
component; turning a modulated electrical signal into a modulated light signal; 

d. locating a photodetector externally to the eye; 

e. transmitting light energy and information from a plurality of light 
generators; / 
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f. receiving light information knd energy by a plurality of photodetectors; 
turning the plurality of modulated light signals into a plurality of modulated electrical 
signals; 

g. locating at least one electronic circuit externally to the eye; extracting 
energy and information from the electrical signal; 

h. locating an electrical component internally to the eye; extracting energy 
and information from the electrical signal. 

i. disposing said external phbtogenerator so as to send light information and 
energy to the internal photodetector; 

j. disposing said internal li|ht generator so as to send light information and 
energy to the external photodetector.i 


262. An iridium elecirode for a retinal color prosthesis comprising an 
iridium electrode which is attached bi to a foil selected from the group consisting of 
platinum foil and iridium foil that Jbtfe tojigrmetically seal the area it covers; said foil 
glued to an aluminum pad with felgWlcally conductive glue; said aluminum pad 
deposited on a silicon substrateJwMcji may also support electronic circuitry; a 
titanium ring, sputtered, plated, ioi implanted, ion beam assisted deposited (27) or 
otherwise attached to the platinunj or iridium foil; with an insulating layer adhered to 
the titanium ring, where msulatioh material is selected from the group consisting of 
silicon carbide, diamond-like coaling, silicon nitride and silicon oxide in combination, 
titanium oxide, tantalum oxide, 4uminum nitride, aluminum oxide and zirconium 
oxide. 


263. A titanium fiitride electrode for a retinal color prosthesis 


comprising a titanium nitride e 


ectrode which is sputtered onto a foil selected from the 


group consisting of platinum foil and iridium foil that acts to hermetically seal the 


area it covers; said foil glued tc 


deposited (IB AD) or otherwise i 
insulating layer adhered to the 
from the group silicon carbide, 


an aluminum pad with electrically conductive glue; 
said aluminum pad deposited dn a silicon substrate which may also support electronic 
circuitry; a titanium ring, sputt sred, plated, ion implanted, ion-beam assisted 

: attached to the platinum or iridium foil; with an 
titanium ring, where insulation material is selected 
diamond-like coating, silicon nitride and silicon oxide 
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in combination, titanium oxide, tantalum oxijie, aluminum nitride, aluminum oxide 
and zirconium oxide. 

264. A method for making/ an iridium electrode assembly for a retinal 
color prosthesis comprising the step of constructing an iridium electrode assembly, 
further comprising the steps of depositing an aluminum pad on a silicon substrate, 
which may also support electronic circuitry; electroplating iridium onto a foil selected 
from the group consisting of platinum ot iridium foil; sealing the area said foil covers 
hermetically by said foil, gluing said foil to said aluminum pad with electrically 
conductive glue; attaching, sputtering, plating, ion implanting, ion-beam assisted 
depositing (EBAD) a titanium ring, on to tjaeplatinum or iridium foil; adhering an 
insulating layer to the titanium ring^Wj^ere iftsulation material is selected from the 
group consisting of silicon carbide^ (Mamo^like coating, silicon nitride and silicon 
oxide in combination, titanium oxi^tant^lum oxide, aluminum nitride, aluminum 
oxide and zirconium oxide. 

265. A method for making a titanium nitride electrode assembly for a 
retinal color prosthesis comprising/ the step of constructing a titanium electrode 
assembly, further comprising the Steps of depositing an aluminum pad on a silicon 
substrate, which may also support electronic circuitry; electroplating titanium onto a 
foil selected from the group consisting of platinum foil or iridium foil; sealing the area 
said foil covers hermetically by feaid foil; gluing said foil to said aluminum pad with 
electrically conductive glue; attaching, sputtering, plating, ion implanting or ion- 
beam- assisted depositing (IB AD) a titanium ring on to the platinum or iridium foil; 
adhering an insulating layer to/ the titanium ring, where insulation material is selected 
from the group consisting of sfilicon carbide, diamond- like coating, silicon nitride and 
silicon oxide in combination, titanium oxide, tantalum oxide, aluminum nitride, 
aluminum oxide and zirconiup oxide. 

266. The method as in claim 264 or claim 265 further comprising the 
step of plating an aluminum layer onto the exposed part of the titanium ring and onto 
a material selected from a fcroup consisting of silicon carbide, diamond-like coating, 
silicon nitride and silicon Gxide in combination, titanium oxide, tantalum oxide, 
aluminum nitride, alumimim oxide and zirconium oxide, said aluminum layer acting 
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as an electrical conductc 


10 


267. The liiethod as in claim 265 further comprising the steps of 
forming said platinum Electrode internal to a well formed by a substance selected 
from the group consisting of silicon carbide, diamond-like coating, silicon nitride and 
silicon oxide in combination, titanium oxide, tantalum oxide, aluminum nitride, 
aluminum oxide, zircdnium oxide, PTFE (polyjetrafluoroethylene), FEP (fluorinated 
ethylene propylene arid Waxes, and its titanium ring; fabricating said electrode with its 
whole peak angle in/me nange from 1 ° to 120°; forming the base of said conical or 
pyramidal electrode iiiJme-range from 1 [im to 500 p,m; forming the linear section of 
the well unoccupited/by said conical or pyramidal electrode in the range ranging from 
zero to one-third of/the whole linear section. 


268. / The method as in claim 265 further comprising the steps of 
15 forming the platinum electrode with a mushroom-like shape with a narrower stalk; 

constructing said electrode head with a larger plan view area than the well from which 
it arises. 



